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1 
INTRODUCTION 
The worldwide distribution and apparent increasing prevalence of 
filariasis, its clinical and pathological manifestations have prompted 
numerous studies of this disease in animals while human suffering 
due to elephantiasis is known since ages and continues to remain an 
scourge. 
Setaria cervi is one of the bovine filarial parasite which infect the 
young calves as well as adult buffaloes and causes a disease known as 
"Setariasis". Studies suggested that it is not the adult form of parasites 
but their microfilarial stages are mainly responsible for the morbidity 
and mortality of animals. Microfilariasis is identified as a disease 
entity with certain manifestations occurring due to the presence of this 
larval stage in blood circulation of the host. Mukherjee (1965) 
reported a high incidence of microfilareamia in the buffaloes. Kumar 
(1980) observed overall incidence of microfilariasis in buffaloes 
above 23 % more in lactating buffaloes than non-lactating ones and 
least in hiefers. The usual symptoms in microfilariasis in buffaloes 
reported by different workers are anorexia, weakness, rise in body 
temperature, congestion of conjunctiva, discharge of watery exudate 
from nostrils, mucopurulent discharge fi-om eyes, reduction in milk 
yields or even complete cessation of milk in buffaloes in late lactating 
stage, unable to stand on hind legs and may also show eczematous 
dermatitis and weeping wounds over the body. It is reported 
(Chowdhuiy, 1994) that microfilariaris due to S. cervi is very common 
in Tarai region of the Uttar Pradesh where about one fourth of the 
cattle population was suspected to be suffering fi-om this disease. 
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Ansari (1977) observed the highest prevalence of S.cervi in buffaloes 
in the rainy reason with maximum density of microfilariae in the 
blood during August and September and the lowest in winter months. 
In severe condition microfilariae reach to ectopic foci of usual 
host such as central nervous system, become well adopted and require 
conditions that are provided by the CNS for their growth and 
development. Among various neurotropic parasites S.cervi 
microfilariae is the most important filarial stage known to be 
associated with the central nervous system of Bubalis bubalis and has 
a high rate of incidence in Asia and particularly in India. The parasite 
is known to produce tissue fibrosis and the invasion of the infective 
5)tage into central nervous system of the natural host and induce 
"lumbar paralysis". Initially the clinical signs of the infection is 
apparently silent in cattle, horses, goat, sheep and buffalo etc. but at 
later stage of infection neurologic sign develop. This involves motor 
weakness and ataxia of limbs, complete posterior paralysis and death 
may ensure. The head may be twisted to one side. The pathological 
lesions consisting of focal malacia with tracks leading from piameter, 
occasional haemorrhages, microcavitation, perivascular infiltration of 
lymphocytes and eosinophils degeneration, disappearence of axis 
cylinders and myelin sheath. Worms may also enter into eyes 
especially in domestic animals. According to an earlier report the 
lumber paralysis occurred in epidemic form during the period from 
September to December (Ansari, 1977). 
In Indian economy, ruminants play an important role and the 
importance of cattle alone lies in the agriculture, dairy products and 
leather industries. The contribution of livestock to gross domestic 
products (GDP) is highly significant. According to Annon (1994) 
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(as cited by SaifuUah, 1999) the gross value of output from livestock 
sector alone v/as about Rs. 588 billion in 1992-93, which is about 
26 % of the value of the total agricultural output. Besides this, cattle 
are involved in transportation, irrigation and also produce raw 
materials like wool, skin, hides, horn etc, for various agrobased 
industries. India has achieved second position in the world for 
production of milk. The export of live animals, meat and dairy 
products from India increased remarkably during the last few years 
(Kumar and Singh, 1999). 
Despite their importance in country's economy the net 
contribution made by animal wealth is not very satisfactory. Poor 
animal health has been considered as one of the main reason for 
meagre output. Among various diseases, the heliminthiasis including 
filariasis is responsible for morbidity and mortality of farm animals. 
Due to this livestock fails to contribute to the national economy to 
their maximum potential as expected. To achieve this goal it is utmost 
important for parasitologists to make a concerted effort to evolve 
appropriate methods for the early diagnosis of the infection and keep 
the animals free from infection by developing potential vaccine and 
adopting effective prophylactic strategies as an integral component of 
the integrated control programme. 
Before the formulation of any chemotherapeutic or control 
measures, an understanding of the parasite life cycle and host-parasite 
relationship including various strategies adopted by the parasite to 
evade the host immune response is very important. 
Filarial parasites are obligate parasites with a complex life cycle 
which includes an essential moulting stage in an intermediate host, 
mosquito, and a period of fiirther development followed by 
Fig. 1 : (A) Adult female and male worms of Setaria cervi. 
(B) Microfilariae of Setaria cervi. 
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reproductive activity in the definitive host. The infective larvae are 
injected by the mosquitoes tlirough skin, lymphotactically attracted 
within the definitive host and reach their maturation sites. After 
fertilization, which depend upon the proximity of the two sexes, the 
adult females produce a number of first stage juveniles known as 
microfilariae which subsequently appear in peripheral circulation. 
These are picked up by the female mosquito while it feeds, and further 
transmission continues among the buffaloes. Within the insect host the 
microfilariae sheds it sheath, migrates to the thoracic musculature, and 
undergoes two ecdyses. The resulting actively motile, third-stage 
juvenile enters the labium and awaits an opportunity to enter a new 
definitive host. Some workers have shown that Setaria sp. develop to 
the infective stage in various species oi Aedes sp., Culex sp. which 
requires 32-35 days prepatent period. 
The excretory-secretor}' products and surface of nematode exert a 
spectrum of influences on the immune responses of their host, like the 
induction of host protective immunity and also provide mechanisms to 
the parasites by which they evade the host's immune responses. 
The adult forms of filarial parasites are macroscopic organism, 
that are capable of persisting in an immunocompetent vertebrate host 
for years (Nelson, 1966). The ability of these large accumulations of 
non-self fissue to persist for long-terms in an immunologically intact 
host implies that filariae have evaded mechanism to avoid or modify 
host defense reactions. One of the potentially important junctures at 
which the parasite and host interact is the parasite surface. 
A common pattern in all nematode developmental schemes is the 
requirement of four moults. The process of moulting involves the 
turnover of the cuticle or exoskeleton of nematodes which is a 
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secreted extracellular covering. The nematode cuticle consists 
principally of three layers, cortical, median and basal (Bird and Bird, 
1991) which are composed primarily of collagens. The epicuticle is 
the lipid layer on the outermost surface of the cuticle (Wright, 1987). 
There is a carbohydrate rich glycocalyx or surface coat which lies 
loosely associated with the epicuticle surface (Blaxter et al, 1992). 
The glycocalyx consists primarily of polyionic proteins containing 
both cationic and anionic binding sites and the various ionic 
components of host origin are absorbed to the glycocalyx by 
electrostatic interactions. The ionic components include 
immunoglobulins, bile salts, ionic molecules, higher molecular weight 
polyionic molecules etc. Adsorption of antibodies represent a 
protective function, while other adsorbed macromolecules may be of 
metabolic importance. 
Several studies have been shown that parasites have ability to 
slough off surface antigens (Maizels et al, 1984), adherent 
granulocytes in vitro and in vivo (Fattah et ah, 1986; Bradley et al, 
1987, Persons et al, 1986), surface bound antibodies and survive 
unscathed (Vetter and Klaver-wesseling, 1978; Philipp et al, 1980; 
Smith et al, 1981; Carlow et al, 1987, Edwards et al, 1990). 
Characterization of the surface components presented by adult filariae 
to the host and the immune reactions generated against these surface 
components may afford some insight into the immunobiology of 
infection and the successful establishment of host-parasite 
relationship. 
Besides surface, excretory-secretory (E-S) products also play an 
important role in immune evasion. These products, released by the 
living parasites into the host environment, are shown to be less 
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complex in nature and more specific in defining infection than the 
somatic antigens (De Savigny and Tizard, 1977; Kaushal et al, 1982, 
1984; Ottesen, 1984; Selkirk et al, 1986). These molecules can be 
shed fi-om the parasite surface, or actively secreted fi-om specialized 
organs and can have a variety of lEunctions: for example 
acetylcholinesterases (Lee, 1970; Ogilvie and Jones, 1971; Nizami et 
al, 1977), proteolytic and immuno-suppressive activities have been 
reported in E-S products of a number of parasites (Lightowlers and 
Rickard, 1988). The proteins which make up E-S appear to alter as the 
parasite develops (Philipp et al, 1980), this may represent a 
mechanism by which parasites protect themselves against the host 
immune response. 
Proteolytic enzymes have been reported from various species and 
their developmental stages of parasitic helminths. A number of 
functions have been assigned to parasite proteases like invasion and 
digestion of host tissues, as anticoagulants, evasion of the host 
immune response and control of parasite development witliin the host 
(Mckerrow, 1989). Parasitic proteases could either be endogenous or 
released exogeneously. 
Different studies suggest that extracellular proteases, secreted by 
the invasive larvae of helminths, help to mediate invasion into the host 
or migration through host tissue (Mckerrow, 1987, 1988). Tissue 
destructive proteases have been identified in secretory products of L3 
larvae of Strongyloides (Dresden et al, 1985), Toxocara (Robertson et 
al, 1987), Brugia (Petralanda et al, 1986) and Hookworm (Hotez et 
al, 1985). Petralanda et al (1986) found substantial collagenolytic 
activity in extracts of adult Onchocerca volvulus. In vitro released 
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proteases from different stages of filarial worm have been shown to 
cleave IgG (Auriault et ai, 1980, 1981; Kong et al, 1994). 
Endogenous cysteine proteases of parasites have been shown to 
be involved in provoking inflammatory reactions and eosinophil 
accumulation. (Barrett, 1986) and in the modulation of the host 
immune response (Chapman and Mitchell, 1982; Carmona et ah, 
1993). Endogenous acid proteinase is also involved in production of 
sperm and microfilariae (Sato et ai, 1995). 
The components excreted or secreted by the living parasites in 
the host appear to be a good marker for specific diagnosis of an active 
parasitic infection (De savigny and Tizard, 1977; Kaushal et al, 1982, 
1984; Ottesen, 1984). The characterization of these components is 
important for identifying the diagnostically important antigens 
(Selkirk e/a/., 1986). 
Despite the enormous economic importance of bovine filariasis, 
no comprehensive attempt has been made to analyse the common 
antigens in general and specific diagnostic antigen in particular of 
Setaria cervi. The identification, purification and characterization of 
parasite antigens are required for vaccination, immunological 
diagnosis, analysis of immunopathology and for the quantitation of 
various immune responses of the host. Considering the importance of 
immunological diagnosis of infection, the present investigation was 
carried out to identify immunodominant antigens among somatic, 
excretory-secretory, surface, and partially purified somatic antigens 
which could be usefiil for the early immunodiagnosis of bovine 
filariaisis. 
CHAPTER- II 
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HISTORICAL REVIEW 
The diagnosis, control and eradication of parasitic infections 
have been an open challenge to the scientist for a long time. Every 
possible avenue has been explored to achieve the goal and even now 
this endeavor is still going on. 
Microfilariaris due to Setaria cervi is very common in Tarai 
region of Uttar Pradesh where about one fourth of the buffalo 
population was suspected to suffer from this disease. Significantly, the 
incidence was determined to be 23% more in lactating buffaloes than 
non-lactating ones and was the least in heifers (Kumar, 1980; 
Chowdhury, 1994) 
In view of the clinical and economic importance of this parasite, 
an early and accurate diagnosis is necessary for effective control and 
cure. The precise diagnosis of filariaris is presently based on the 
demonstration of parasite in night blood is not convenient, 
inconsistent and not sensitive in detecting low microfilaraemia. 
The main requirements of an ideal immunodiagnostic test are 
that it should be sensitive, specific and simple to adopt for field 
studies in developing countries. The sensitivity and specificity of the 
assay system often depend on the specificity and purity of the parasite 
material used for antibody detection. Three types of parasite antigens 
have been examined, the surface, the excretory secretory (E-S) and 
somatic antigens. The available literature on purification, 
characterization, immunodiagnosis and immunoprotection studies 
reveals that somatic, surface as well as excretory-secretory products of 
adult parasites have been widely used as target antigens (Murrell and 
Clay, 1972; Murrell et al. 191 A; Lang and Hall, 1977, Howell and 
Sandeman, 1979; Rajasekariah et al, 1979; Wong and Suter, 1979; 
Dissanayke and Ismail, 1980; Sandeman and Howell, 1981; Philipp et 
al., 1984a; Kaushal et al., 1987; Lightowlers and Rickard, 1988; 
Marrero et al., 1988; Lodes and Yoshlno, 1989; Cabrera et al, 1989; 
Chandrashekar et al, 1990; Theodore and Kaliraj, 1990; Warren, 
1993; Kaushal et al, 1995; Mukhopadhyay et al, 1995; Mustafa et 
al, 1995; Bal and Das, 1999; Mohanty et al, 2000). Worm and their 
products are antigenically complex and show differences in different 
developmental stages. Not only this, the cross reactivity among the 
antibodies induced during natural helminth infections has also been a 
major problem in the specific immunodiagnosis of these diseases 
(Kagan, 1974, 1979; Ambroise-Thomas, 1974, 1980; Theodore and 
Kaliraj, 1990). Because of these problems various workers have 
advocated using simpler antigenic preparations in these tests, for 
example E-S products (De Savigny and Tizard, 1977), Surface 
antigens (Maizels et al, 1983) or biochemical fraction of the complex 
extracts (Sawada et al, 1969). 
The review of the available literature reveals that very little 
information is available about the antigenic make up of microfilarial 
;and adult stages of this parasite. Some workers have characterized the 
antigenic components of Setaria cervi but their studies are limited to 
the identification of the common antigenic determinants between the 
bovine and human filarial parasites to improve the serodiagnosis of 
human filariasis (Singhal et al, 1972, 1973; Malhotra et al, 1985, 
1986; Kaushal et al, 1987; Mustafa et al, 1995; Kaushal and 
Kaushal, 1995). 
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For the constant supply of viable microfilariae in large numbers 
for biochemical studies and perform immunological studies, various 
workers have established the experimental infection in laboratory 
animals. Williams (1955) succeeded in transplanting these worms 
fi-om fi-eshly slaughtered cattle to rabbits and showed the presence of 
microfilariae in the peripheral circulation of the rabbits. Later, Nelson 
(1962) succeeded in transplanting both adult worms and microfilariae 
to rabbits and monkeys. Ansari (1963) successfiilly implanted the 
adult worms intraperitoneally in rats and studied microfilarial 
periodicity in the peripheral circulation. Singhal et al. (1969) also 
successfiilly transplanted the adult worm of Setaria cervi 
iintraperitoneally in rats. 
Microfilariae free of blood cells are required for in depth study of 
biochemistry and immunology of filarial infections. A number of 
techniques for isolating microfilariae have been described in the 
literature. Franks and StoU (1945) described a classic procedure for 
separation of microfilariae, which required too many hours of 
continuous processing (48 to 72 h). Another method is a variation of a 
procedure used by Yaeger (1960) which employed 
phytohemagglutinin (Bacto-Phytohemagglutinin-P, Difco) to 
agglutinate the red blood cells fi*om heparinized blood followed by 
treatment of the sediment with saponin or distilled water. Sawyer and 
Weinstein (1963) separated microfilariae by treating heparinized 
blood with saponin, streptolysino and trypsin. Montovani and Sulzer 
(1967) used freezing and thawing of heparinized blood to lyse red 
blood cells after the plasma and buffy coat layer had been removed. 
Bells (1967) and Wylie (1970) used membrane filters for separation of 
nriicrofilariae from blood. Ah et al. (1974) described a method for 
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isolation of microfilariae fi-om peritoneal cavity of mongolian jirds. In 
this method the abdominal viscera of jird were exposed, and dipped in 
sterile, refrigerated Hanks' balanced salt solution in a petridish, then 
they obtained cell free pure microfilariae after repeated washing in 
HBSS by centrifiigation. Jones et al, 1975 used the density gradient 
techniques for separation of microfilariae. Chandrashekar et al. (1984) 
used percoU gradients for isolation of microfilariae from blood. 
Ravindran et al. (1988) were harvested mature microfilariae from the 
circulation of infected cattle by filtration of infected blood through 
5 )i M polycarbonate membranes (Nucleopore, USA). 
All nematodes posses a cuticle, a stratified extracellular matrix, 
with an outermost epicuticle (Wright, 1987). The cuticle is composed 
of coUagens and other cross linked structural proteins, together with a 
small number of highly antigenic hydrophilic proteins may be 
attributed with defined fiinctions and are prime candidates for anti-
nematode vaccine development (Maizels et al, 1989). However, there 
is some controversy as to the biophysical nature of the cuticular 
surface, as it does not display a conventional plasma membrane 
(Martinez-Palomo 1978; Kennedy et al, 1987) and the organization 
of surface associated proteins remains undefined. There may be an 
additional envelope, loosely attached and distal to epicuticle, in the 
form of a surface coat or glycocalyx. 
Electron-dense, carbohydrate rich surface coverings have been 
shown to be present on a wide range of parasitic helminths (Lumsden, 
1975; Samuelson and Caulfied, 1985). The presence and initial 
characterization of surface coats have been described for a number of 
parasitic nematodes including Dirofilaria immitis (Cherian et al.. 
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1980). Necator americanus (Pritchard et al., 1988), Onchocerca 
volvulus (Lustigman et ah, 1990) and Trichinella spiralis (Murrell et 
al, 1983; Lee et al, 1986; Wright and Hong, 1988). Similar surface 
coats have been described in the free living nematodes 
Caenorhabditis briggsae and Caenorhabditis elegans (Himmelhoch et 
al, 1977; Himmelhoch and Zuckerman, 1978; Zuckerman et al, 
1979) and in plants parasitic nematodes, it has been indicated that the 
surface coat is secreted by specialized gland within the nematode 
organism (Nelson and Riddle, 1984; Bird and Bird, 1991). 
Because the surface of a parasite interacts directly with body 
fluids and tissues of the host, an analysis of surface composition is of 
significance in elucidating its immunological function. Numerous 
studies have focused on antigenic properties of the surface of parasitic 
nematodes (Mackenzie et al, 1978; Murrell and Graham, 1982; 
Jungery et al, 1983) with emphasis placed on polypephide or protein 
antigens (Philipp et al, 1980; Forsyth et al, 1981; Maizels et al, 
1983a, 1983b, 1983c). 
Recently, considerable interest has been developed in 
carbohydrate antigenicity and composition of parasite surface. Furman 
and Ash (1983a) have suggested that sheath carbohydrate antigenic 
determinants may be the primary targets of the host's immune 
response. Lectin-binding studies have demonstrated specific 
saccharides on the surface of the filarid nematodes, Brugia pahangi 
(Furman and Ash, 1983a, 1983b; Devaney, 1985), Brugia malayi 
(Kaushal et al, 1984), Onchocerca gutturosa (Nwachukwu et al, 
1987) and Wuchereria bancrofti (Rao et al, 1987). The saccharide 
residues present may be stage as well as species specific (Furman and 
Ash, 1983a, 1983b; Kaushal e/a/., 1984). 
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Stage-specific surface antigens on filarial worms have been 
indicated by a number of experimental studies Nelson et al. (1971) 
showed that rabbit antibody to Breinlia sergenti infective larvae does 
not mediate adherence to microfilariae of the same species (or to 
infective larvae of B. pahangi). Flourescent studies with sera fi*om 
cats infected with B. pahangi have demonstrated antigens restricted to 
the microfilaria! or adult stages (Ponnudurai et al, 1974), and a 
comparison of anti-Dipetalonema viteae sera fi"om different host 
species has revealed similar stage specific antibodies against each of 
the three major life cycle stages (Weiss and Tanner, 1981). On the 
other hand, Thompson et al. (1981) have recently reported that serum 
;antibody fi-om mice immunized with B. malayi microfilariae binds to 
the surface of infective larvae in an immunoflourescent assay. Studies 
on the surface antigens of Trichinella spiralis and Nippostrongylus 
brasiliensis have shown the sharp degree of restriction of each set of 
surface antigens to a single stage of the life cycle (Mackenzie et al, 
1978; Phillip et al, 1981; Maizels et al, 1983a). Philipp et al, (1980), 
observed that protein molecules of cuticle of Trichinella spiralis 
change qualitatively following the moulting and quantitatively during 
the growth of the worm within one stage. The L3 of N. brasiliensis 
demonstrated a change in the nature of their exposed surface 
molecules within 18 h of entering the vertebrate host (Maizels et al, 
1983a). A number of studies have demonstrated differences in the 
nature of antigens present on the surface of several species of 
immature uterine and mature blood or skin microfilariae (Forsyth et 
al, 1984a; Phillip et al, 1984b; Taylor et al, 1986; Egwang et al, 
1988b). 
15 
A number of nematodes also appear to demonstrate sex specific 
difiference with respect to surface molecules. These include 
Onchocerca volvulus (Taylor et aL, 1986), Onchocerca gutturosa 
(Bradley et aL, 1989), Acanthocheilonema viteae (Baschong, 1985) 
and Heligmosomoides polygyrus (Adams et aL, 1988). 
During in vitro studies the profile of surface antigens is also 
influenced by the reagents present during solubilisation. Some 
molecules can be released following simple homogenisation, some 
require detergents, while other required reagents. Pritchard et aL 
(1985) reported that some detergents either promote greater general 
release of antigens than others or preferential release of some 
antigens. Beside this it was also reported that certain detergents work 
extremely effectively on certain parasites but are unsuitable for others 
(Pritchard et aL, 1985; Rhoads and Fetterer, 1990), hence 
generalization can not be made. 
The foregoing review of literature clearly reveals that the 
polypeptide profile of different parasites show considerable variation 
depending on a number of factors like species and for strain 
dependent variation, stage of development and also the method of 
surface isolation. 
Considering the long survival of filarial worms in their host, one 
might suggest that an antigenically inert cuticle protects the worm 
fi'om immune response of the host. In certain situations, however, an 
immune response against the surface of filarial larvae has been 
demonstrated. The anticuticular antibodies against microfilariae have 
been found in various amicrofilaraemic host, i.e. man (Wong and 
Guest, 1969), dog (Wong, 1964), cat (Ponnudurai et aL, 1974) and 
hamsters (Weiss, 1978). Experiments have shown that such antibodies 
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are a prerequisite for the cell-mediated destruction of micrafilarae in 
the hamsters (Weiss and Tanner, 1979). Antibodies have also been 
demonstrated against the surface of infective larvae (L3) in Brugian 
filariasis (Wong and Guest, 1969) and in dogs immunized with 
irradiated Dirofilaria immitis L3 larvae (Wong et al, 1974). 
Parasitic nematode excretory-secretory products consists of an 
ill-defined collection of molecules released by the parasite that could 
have possible roles in nutrition, migration, reproduction, immune 
evasion and moulting, in addition to waste products (Lightowlers and 
Rickard, 1988; Hotez et al, 1995). Nematode excretory-secretory 
proteins may be released into the external environment by a variety of 
means, for example from specialized secretory glands (Page et al, 
1992) or by trans-cuticular secretion (Page et al, 1992; Selkirk et al, 
1990). 
For several reasons, interest in the molecular compartment of 
filarial helminths known as excretion-secretions (E-S) has increased in 
recent years. First the E-S molecules may have enzymatic activities 
pertinent to parasite survival (Petralanda et al, 1986; Rathaur et al, 
1987). Second, excretory-secretory substances are amongst the first 
parasite molecules to encounter the host immune system and continue 
to do so during the entire course of the parasite's life. They may, 
therefore, influence parasite survival and indeed, can be successful 
when used as antigen in immunisation studies (Stromberg, 1979; 
Mimori et al, 1987; Ey, 1988; O'Donnell et al, 1989; 
Chandrashekhar et al, 1990). They can be used in development of 
vaccines as natural antigens (Newton and Munn, 1999). Third, by 
binding to antibody and forming immune complexes. Extretory-
secretory substances may contribute to pathology (Sisley et al, 1987), 
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including that arising during drug treatment (Greene et al., 1983). 
Finally E-S molecules often circulate in the blood or are excreted in 
the urine and thus can be considered as target molecules in 
immunoassays that detect antigens (reviews of Weil, 1990; Harnett, 
1991). 
The phenomenon of stage-specificity with respect to E-S was 
first demonstrated in T. spiralis (Parkhouse and Clark, 1983). 
Infective larvae, newborn larvae and adult males cultured in the 
presence of ^^S-methionine were each found to secrete a different set 
of molecules. Stage specificity in E-S products has since been 
demonstrated in other parasites including Brugia pahangi (Parkhouse 
et al, 1985), Litomosoides carinii (Harnett et ah, 1986), 
Acanthocheilonema viteae (Harnett et al, 1989b), Trichostrongylus 
colubriformis (O'Donnell et al, 1989) and Ascaris sp. (Kennedy and 
Qureshi, 1986; Kennedy et al, 1987). Study on A. viteae 
demonstrated that a major E-S product was in fact present in the E-S 
of two stages. Changes in E-S within a stage have also been detected 
in L. carinii (Harnett et al, 1986). Sex-specific differences have also 
been detected in the E-S of Z. carinii (Harnett et a/., 1986), O. volvulus 
(Parkhouse et al, 1987), H. Polygyrus (Adams et al, 1988), D. 
immitis (Nakanishi, et al, 1988) and B. malayi (Kwan-Lim et al, 
1989). 
Majority of the parasites E-S products examined to-date have 
proved to be antigenic during infection. Non-antigenic molecules have 
also been detected in the E-S of adult B. pahangi (Parkhouse et al, 
1985; Maizels et al, 1985a), day 26-28 L carinii (Harnett et al, 
1986), W. bancrofti infective larvae (Maizels et al, 1986) and adult 
0. volvulus (Parkhouse et al, 1987), but these results may reflect 
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particular properties of the antiserum in use. In the two studies 
referred to above on B. pahangi, for example, different antisera were 
used. In the study by Parkhouse and collegues, a 39 KD molecule 
was clearly antigenic. Although different labeling methods were used 
in each study, it is tempting to consider that both these describe the 
same molecule. In addition, although E-S products may not be 
immunogenic during the course of a natural infection, they may be 
recognized by antibody associated with other infections. This has been 
demonstrated with a 15 KD E-S product of I . carnii, which although 
non-immunogenic during the course of a natural infection in cotton 
rats, but it was recognized by antibody in a human onchocerciasis 
serum pool (Harnett et al, 1989a). This result presumably reflects the 
existence of a cross-reactive epitope between the two species, which 
is immunogenic only in the human infection. Finally the composition 
of E-S antigens may be influenced by the culture conditions like 
temperature, medium, presence or absence of serum (Malhotra et al, 
1987; Bianco era/., 1990). 
Proteolytic enzymes have also been detected in various species 
and stages of parasitic heliminths. The presence of haemoglobin 
digesting proteases in extracts of Schistosoma mansoni (Timms and 
Bueding 1959), Angiostrongylus cantonensis (Maki et al, 1982) and 
Fasciola hepatica (Simpkin et al, 1980) have led workers to 
speculate that the proteases may play a role in the metabolism of 
haemoglobin as an energy source. The presence of collagenase in 
D. immitis, O. volvulus and B. malayi (Petralenda et al, 1986) and 
Chondromucoprotein and Elastin hydrolysing proteases of S. mansoni 
(Dresden and Asch, 1972, Mckerrow et al, 1985) suggested that these 
erizymes may be used as biochemical penetrants to generate a portal 
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of entry through the concerned tissues of the hosts. A similar role was 
suggested for the proteases found in extracts of Strongyloides ratti 
larvae (Dresden et al., 1985). Perhaps the most intriguing role 
proposed for proteolytic enzymes has been shown to be the one that 
hydrolyzes surface bound IgG (Auriault et al., 1981). Among the 
proteinase activity (Petralenda et al., 1986) which would be consistent 
with tissue penetration, and fibrinolytic enzyme in turn, consistent 
with blood feeding of worms (Hoetz and Cerami, 1983, Hoetz et al., 
1985). 
The adult stage of the parasite was shown to possess acidic 
proteases that were capable of hydrolyzing denatured haemoglobin 
(Maki et al., 1982) and Casein (Sreedhara Swamy and Jaffe, 1983). 
An acid proteinase classified into the carboxyl proteinase family has 
been identified in various nematodes (Nimmo Smith and Keeling 
1960; Sato et al, 1976; Aoki and Oya, 1977; Oya and Noguchi 1977; 
Maki et al., 1982) and Thiol proteinases have been encountered in 
various trematodes and protozoa (Timms and Bueding, 1959; Sauer 
and Senft, 1972; Sato et al., 1976; Aoki and Oya, 1977; McLaughlin 
and Muller, 1979). Significant amount of proteolytic activity was 
reported in extracts of adult S. cervi females, microfilariae and 
excretory-secretory products of microfilariae when maintained in 
culture medium by Singh and Rathaur (1996) that could be of clinical 
as well as immunodiagnostic significance. 
Therefore in the present study attempt has been made to 
identify and characterize the immunodiagnostic antigens in somatic, 
surface and the excretory-secretory products of adults (male and 
female) and microfilarial of Setaria cervi which could be helpfiil in 
early and specific diagnosis of infection. 
CHAPTER- III 
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MATERIALS AND METHODS 
Parasite Collection: 
Active male and female worms of Setaria cervi were collected in 
Hanks' saline, pH 7.4, from peritoneal cavity of the freshly 
slaughtered Indian water buffaloes {Bubalus bubalis) at the local 
abbatoir. The parasites were expeditiously brought to laboratory and 
washed thrice in Hanks' balanced salt solution (HBSS) without 
glucose, pH 7.4, premaintained at 37+2°C. The worms were 
iimmediately blotted on whatman filter paper and processed separately 
for homogenization, transplantation, excretory-secretory product 
collection or else frozen at -20°C for subsequent use. 
Surgical Peritoneal Transplantation: 
The fresh male and female worms were washed thoroughly with 
Hanks' saline to remove adhering contaminants. One male and two 
female worms were transplanted in the peritoneal cavity of an 
anaesthesized rat by making a fme incision on the ventral side in 
abdomen. An antiseptic solution was applied to the wound daily to 
check local infection. Worms were implanted in rats of both sexes. 
The technique was same as described by WiUiams (1955) and Ansari 
(1963) for rabbits and rats respectively. 
The blood of the rats was examined daily for the presence of 
microfilariae. Thick smear were made from 20 fil samples of blood, 
dried and dehaemoglobinised in double distilled water for one hour, 
"fhereafter, the slides were microscopically examined for the presence 
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of microfilariae. Autopsy was done on tliese infected rats and adult 
worms were examined. 
Isolation of Microfilariae from peripheral blood; 
1. Dextran sedimentation method: 
Peripheral blood was drawn with the help of sterile hypodermic 
syringe from the cardiac puncture and transferred into sterile 
heparinated vials. The separation of microfilariae was done by 
Dextran sedimentation, 3.5 % Dextran (Mr. 250,000, BDH) in normal 
saline (0.9 %). To ensure sterlity the dextran saline was autoclaved at 
15 lbs pressure for 15 minutes. Gently 1 ml of blood was layered on 2 
ml of dextran saline and allowed to stand for Ih at 37°C. The 
lymphocytes/macrophage rich supernatant was pipetted out (Dextran 
leads to the rouleax formation of red cells) and saved for later use. 
Double volume of double distilled water was added in suspended 
material and placed the tube for 1 h at room temperature then again 
placed at 4*^ 0 for 10 min to cool the microfilariae and then centrifiiged 
it at 2000 rpm in REMI C-24 bench top refrigerated centrifiige at 4°C. 
The supernatant containing the red cells was discarded, whereas pellet 
containing microfilariae was suspended in phosphate buffer (0.0625 
M, pH 7.4) and washed by repeated centrifugation then stored at -
20°C for further use. 
2. Percoll Gradient method: 
Viable microfilariae were separated on percoll gradient 
according the method of Chandrashekar et al. (1984) with some 
modifications. Blood containing microfilariae of Setaria cervi was 
collected through cardiac puncture of infected rat and mixed with 
2.7 % EDTA in normal saline in the ratio of 9:1 (9 mi of blood and 1 
Fig. 2 : Separation of Microfilariae fi'om blood in iso-osmotic 
percoU gradient. 
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ml of 2.7 % EDTA in normal saline). Then blood was diluted with 
normal saline in the ratio of 1:2 and the microfilariae counted. Iso-
osmotic PereoU (lOP) was prepared by mixing nine parts of Percoll 
(density 1.130 g/ml; Sigma) with one part of 2.5M sucrose. Two 
dilutions of the lOP in 0.25M sucrose were made to obtain 30 and 
40 % solutions of density 1.062, 1.074 respectively. Two gradient 
solutions each in 1.5 ml volume were layered in glass centrifuge tubes 
with an overlay of 0.5 ml of diluted blood containing active 
microfilariae. Tubes were spun in a swing-out rotor at 500 g for 30 
min at room temperature. After centrifiigation each fraction of plasma 
and percoll layers were transferred to individual tubes. To count the 
number of microfilariae, the microfilariae rich layer was taken in an 
aliquote of 20 \i[, and the percentage of microfilariae recovered from 
each layer was estimated and the total number of microfilariae present 
in the diluted blood was calculated. To obtain the percoll free 
microfilaria, normal saline was added in the ratio of 1:2 and 
centrifiiged at 4000 rpm for 20 min. Supernatant was discarded 
whereas pellet containing microfilariae was stored at -20° C. 
Isolation of microfilariae from Peritoneal fluid: 
Microfilariae of Setaria cervi were also collected from the 
peritoneal cavity of the infected rat by introducing Hanks' saline into 
the peritoneal cavity and then collected with the help of pasture 
pipette. The fluid containing microfilariae was kept at 4° C for 1 h so 
that microfilariae become less active then fluid was centrifiaged in 
;REMI C-24 bench top refrigerated centrifiige at 4° C after that 
imicrofilariae were washed with phosphate buffer (0.0625M, pH 7.4) 
by repeated centrifiigation and finally stored at -20° C for later use. 
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Somatic Antigen Preparation: 
Freshly blotted parasites (Female and male worms separately) 
were weighed and then minced on ice. The minced tissues were 
homogenized in phosphate buffer (0.0625M, pH 7.4) with sucrose in 
glass tissue homogenizer on ice, followed by centrifiigation at 10,000 
xg for 15 min at 4°C in a refrigerated centrifuge (lEC, 25). The 
supernatant was collected as 10 % homogenate and stored at -20° C. 
Ifhe frozen microfilariae were sonicated on ultrasonic disintegrator 
(Ralsonic, India) for 4 min (2 bursts/min) under chilled condition (4° 
C). After sonication the suspension was centrifiiged at 10,000 x g for 
15 min at 4°C and supernatant was stored at -20°C. 
Development of Polyclonal antibodies (Primary Antiserum); 
In order to develop primary antiserum somatic antigens of female 
and male worms (containing 4.5 mg protein), were mixed separately 
with equal volume of Freund's Complete adjuvant (Sigma, USA) and 
inoculated intramuscularly at four different sites in thigh and sub-
scapular regions of two rabbits. Subsequently, three boosters each 
consisting of 3 mg protein and equal volume of Freund's Incomplete 
Adjuvant (Sigma, USA) were injected at intervals of ten days. Nine 
days after the final booster, antiserum was collected from marginal ear 
vein of rabbit. Antisera was aliquoted in eppendorfs to avoid multiple 
freeze-thaw cycle and stored at -20°C until use. The control serum 
was collected from the same rabbits before inoculation. 
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Partial Purification of Somatic antigens of Setaria cervi by 
Gel-Filtration Chromatography; 
Sephadex G-200, 20 gram (Superfine, Pharmacia) was swollen in 
0.15 M PBS, pH 7.2. The swollen gel was kept in a boiling water bath 
for 6 hours for further swelling and deaeration of the gel. 
Packing of the Column: 
The gel suspension was adjusted to form a fairly thick slurry. The 
line suspended particles were removed by decantation. The column 
(Pharmacia, Sweden) was mounted on a suitable stand and it was 
ensured that there was no air bubbles trapped in the dead space under 
the net and then the outlet was closed before pouring the slurry. All 
the required gel was poured in a single operation. The flow rate of 
PBS was monitored as soon as the packing of the column was over. 
Two to three volume of the eluent buffer, 0.15 M PBS, pH 7.2 was 
allowed to pass through the column in order to stabilize the bed and to 
equilibrate with eluent buffer. A slightly higher flow rate was used for 
packing the column. The final flow rate was adjusted to 20 ml per 
hour. 
Before applying the sample the homogeneity of the column bed 
was checked by running the solution of Blue Dextran (Mr. 2000, 
Sigma chemical Company, USA) at a concentration of 2 mg per ml of 
the eluent buffer and the quality of the packing was checked by 
watching the progress of Blue dextran through the gel bed where a 
flow rate of 20 ml/h was maintained. The eluent was collected for 
estimation of the void volume of the packed bed. The spectra of the 
blue dextran was plotted keeping O.D. on the Y-axis and the tube 
number on the X-axis. 
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Loading of Sample: 
After closing the outlet of the column most of the elution buffer 
above the gel surface was carefiilly removed by suction. The 
remaining volume was allowed to drain out through the outlet of the 
column. A total of 48 mg of soluble protein sample was layered on top 
of the bed with the help of a sample applicator. The column was 
reconnected to the paristaltic pump and fraction collector (Pharmacia, 
Sweden) and a maximum of 20 ml/h flow rate was kept throughout 
the experiment. In order to prevent the microbial contamination in the 
packed column, 0.02 % NaNs was used in the gel suspension of eluent 
buffer during chromatography. 
The eluent from the column was collected as 5 ml/tube and the 
concentration of protein in the eluent was determined at 280 nm on a 
Spectronic-1001 spectrophotometer, and the elution graph as plotted. 
Fractions representing each peak were pooled separately, packed into 
cellulose tubing (Mr. Cut-off 2000, Sigma, USA) and dialysed against 
double distilled water for 24 h at 4°C. Thereafter, samples were 
lyophilized in Freeze-dryer (DC41, Yamato, Scientific, Co., Ltd., 
Tokyo, Japan). The freeze-dried fractions were used for subsequent 
studies. 
Sodium-dodecyl sulphate polyacrylamide gel electrophoresis 
(SDS-PAGE); 
Different antigens were subjected to SDS-PAGE for the analysis 
of polypeptide profile. The SDS-PAGE was carried out following the 
method of Lammeli (1970) with some modifications on a 7-15 % 
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gradient SDS-polyacrylamide separating gel and 5 % stacking gel 
using a vertical slab gel apparatus (Genei, India). 
Preparation of Stock Solutions: 
Stock solution of acrylamide containing 30 mg acrylamide and 
0.8 gm (w/v) N,N,N,N tetramethyl bisacrylamide per 100 ml DDW 
was prepared. The stock separating gel buffer, Tris-HCl, pH 8.9 
containing 0.8 % (w/v) SDS and 0.23 % TEMED (v/v) and the stock 
solution of stacking gel buffer, 0.5 M Tris-HCl, pH 6.7 containing 
0.46 % TEMED (v/v) and 0.8 % (w/v) SDS were also prepared. The 
Ix running buffer consisted of 3.03 % Tris, 14.41 % glycine and 1 % 
SDS (w/v). 
Before making the gel, all the solutions required to prepare the 
gel of desired concentration were thoroughly mixed and degassed. 
Then 10 % ammonium persulphate (APS) solution was added. The gel 
mixture was then poured into the glass plate moulds of size 8 X 7 cm 
prepared by using 1 mm thick spacers. Once the gel solution was 
poured, it was carefully overlaid with 1 ml of DDW and allowed to 
polymerize at room temperature for 45 min. After polymerization, 
water was carefiilly removed and the stacking gel was overlaid and 
comb was gently inserted. The gel solution was allowed to polymerize 
at room temperature for 10 min. 
Sample Preparation: 
The sample containing about 40|ig protein was mixed with an 
equal volume of L^emnjli's sample buffer (0.625 M Tris-HCl, pH 6.8) 
containing 5 % (v/v) mercaptoethanol, 20 % (w/v) SDS, 10 % (v/v) 
glycerol and 0.05 % aqueous bromophenol blue as the marker dye. 
The samples were boiled for 8 min at 100°C in a boiling water bath. 
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Simultaneously prestained standard molecular weight marker proteins 
(Bio Rad, US) ranging from 7.2 kD to 205 kD were also used. The 
mixture of marker proteins contained Myosin (205 kD) B-glactosidase 
(113 kD), Bovine serum albumin (75 kD), Ovalbumm (53.9 kD), 
Carbonic anhydrase (34.9 kD). Soyabean trypsin inhibitor (28.8 kD), 
Lysozyme (21 KD) and Aprotinin (7.2 kD). 
A total of 40 |ig of protein samples and standard marker proteins 
(10 fig) were carefully loaded with a fine micro-sample applicator 
syringe into the separate wells and electorphoresis was carried out by 
applying a constant current of 12 mA/slab gel at 4°C. When the 
tracking dye, aqueous bromophenol blue, reached 1 cm before the end 
of the gel the power was disconnected and the gel was removed from 
the mould and subjected to staining. 
Gel Staining with Coomassie Brilliant Blue R-250: 
One gel was stained in 0.25 % CBBR-250 (prepared in fixing 
solution) for overnight. The stained gels were destained in high 
destaining solution (HDS) containing 7 % acetic acid and 45 % (v/v) 
methanol prepared with DDW. Final staining was done in low 
destaining solution (LDS) containing 7 % acetic acid and 5 % (v/v) 
methanol in DDW until the background become clear. Finally gels 
were stored in 7 % (v/v) acetic acid in DDW. Then the gels were 
photographed. 
Silver-staining: 
The other gel was silver-stained according to the method of 
Oakley et al. (1980) by prefixing in 50 per cent (v/v) methanol, 10 per 
cent (v/v) acetic acid, 40 per cent double distilled water for 30 min 
and fixing in 10 per cent glutaraldehyde for 30 min. The gel was 
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rinsed overnight in DDW, treated with dithiothreitol (0.5 mg 100 ml) 
and 0.1 per cent aqueous silver nitrate (w/v) for 30 min in each 
solution. The colour was developed in 3 percent Na2C03 + 50 ml of 
37 per cent formaldehyde (per 100 ml of solution). Visualising an 
appropriate colour of polypeptides, the gel was quickly washed in 
DDW and the reaction was stopped with 2.3 M citric acid. Then the 
gel was photographed under transillumination by Cannon AEl 
Camera. 
Determination of Molecular Weights (M )^: 
The distance of different polypeptides were recorded 
including those for standard and relative mobility (Rf) values were 
determined. The apparent molecular weights of unknown polypeptides 
were calculated from the standard curve. 
Western Blot analysis: 
After electrophoresis one gel was silver stained while other gel 
was used for wet transblotting of antigens on to the Nitro-cellulose 
membrane as described by Towbin et al. (1979) using Mini TransBlot 
electrophoretic transfer cell of Bio Rad. The non-specific sites were 
blocked with blotto (5 % skimmed milk). Thereafter, the blots were 
incubated in hyperimmune sera (female as well as male hyperimmune 
sera in separate boxes) with blotto in the ratio of 1:100 for 3h. 
Subsequently the strips were thoroughly washed with Tris buffered 
saline, pH 7.4, containing 0.02 % Tween-20. The strips were then 
incubated in anti-rabbit IgG conjugated with alkaline phosphatase at a 
dilution of 1:1000 in blotto for 3h finally the antigenic polypeptides 
were visualized by incubation in a solution of Sodium-napthyl 
phosphate and Fast Blue RR chromogen with continuous shaking. All 
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the steps were carried out at room temperature. The reaction was 
stopped with phosphate buffer saline containing EDTA and the 
antigenic bands were fixed with 4 % formaldehyde in double distilled 
water. The immunoblots were photographed using a 100 ASA Kodak 
black and white film on Cannon AEl camera. 
Enzyme-linked immunosorbant assay (ELISA): 
The ELISA was performed according to the method of Voller et 
al. (1976) as described by Ahmad and Nizami (1998). Flat bottomed 
polystyrene microtitre plate (Dynatech, Immulon 1 ) was coated with 
50)il/well of antigen, (Protein concentration of 20 i^g/nil) in coating 
buffer and left for 6 h at 37° C. The plate was washed by filling and 
emptying and refilling the well with phosphate buffer saline 
containing 0.1 % Tween (PBST) for 3 x 10 min. The unwanted 
reactive sites were blocked by filling each well of the microtitre plate 
with 150 jil of blotto (5 % low fat milk in PBS) and incubated at room 
temperature for 3. The plate was again washed three times with PBST. 
Serially diluted 50 \i\ anti-Setaria cervi (female as well as male) 
antisera were added to respective wells and incubated for 3 h at room 
temperature in a humid chamber. The plates were washed again for 3 
X 10 min with PBST, thereafter, 50 i^l of anti-rabbit IgG conjugated 
with alkaline-phosphatase at a dilution of 1:1000 was added to each 
well and the plates were again incubated for 3 h at room temperature. 
After incubation the plates were washed for 3 x 10 min with PBST. 
The reaction W s^ developed by adding, 100 |il of substrate, 
p-nitrophenyl phosphate (Sigma, USA) at a concentration of 1 mg/ml 
in 10 % Diethanolamine buffer and incubated at room temperature for 
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10 minutes. Finally, the reaction was stopped by the addition of 50fil 
of 3N NaOH solution, and Optical density (O.D.) was recorded at 405 
nin on an ELISA Reader (SLT lab Instruments, Austria). 
Isolation of Surface antigens: 
For isolation of surface antigens, surface disrupting solution 
consisting of I % saponin in HBSS, pH 7.8 was used. The surface 
disrupting solution was always prepared fresh, centrifiiged at 16,000 x 
g for 60 min and the supernatant was filtered and stored at 4°C until 
used. 
Thirty female worms of 5*. cervi were rinsed quickly in HBSS, 
premaintained at 37+2°C and transferred to 100 ml flask containing 
10 ml surface disrupting solution at 4°C. The flask was kept for 
continuous shaking on electrically driven shaker (90 cycle per min) 
maintained at 4°C for 30 min. After shaking, the disrupting solution 
containing worms were vortexed on cyclomixer at high speed for 2-3 
min. Worms were removed and the medium was centrifliged at high 
speed at 16,000 x g for 30 min in a refrigerated centrifiige (lEC, 25). 
The resultant pellet was resuspended in 0.1 M Tris-HCl buffer (pH 
7.0 at 4°C) and centrifliged again at 16,000 x g for 30 min, the buffer 
v/as discarded. In order to wash the pellet and remove the traces of 
detergent, the pellet was resuspended in Tris-HCl buflfer and 
centrifliged for 1 h at 16,000 x g at 4 ^C. After washing, the final 
pellet was dissolved in a known volume of 0.1 M Tris-HCl buffer (pH 
7.4) and sonicated for 30 sec under chilled conditions (4°C) by using a 
5 mm probe of ultrasonic disintegrator (Ralsonic, India). 
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Collection of Exeretory-Secretory Products: 
Adult motile female and male Setaria cervi worms were 
collected from the peritoneal folds of freshly slaughtered Indian water 
buffaloes at the local abbatoir, and brought to laboratory in Hanks' 
saline. The worms were washed thoroughly in Hanks balanced Salt 
solution (HBSS) without glucose, pH 7.4, premaintained at 37+2°C, to 
remove contaminants. For the collection of E-S from microfilariae, 
live females were dissected and utri having microfilariae were taken 
out in Hanks' solution. Then microfilariae, female and male worms 
were incubated separately in a beaker containing 5 ml HBSS for 5 h in 
metabolic shaking water bath (Yorco) premaintained at 37+2°C with 
constant shaking. After five hours the medium was collected and 
centrifriged at 2000 rpm for 20 min. Microfilariae were separated 
from female excretory-secretoiy products. Thereafter excretory-
secretory products were packed in cellulose tubing (Mr. Cut-off 2000, 
Sigma, USA) and dialysed against double distilled water for 24 h at 
4°C. After dialysis, samples were lyophilized in a freeze-dryer (DC 
41, Yamato, Scientific Co., Ltd., Tokyo, Japan) then stored at -20°C 
lintil use. 
In order to identify the polypeptides, the antigenic components 
and antibody titre, SDS-PAGE, Western blotting and ELISA were 
performed as described earlier. 
Zymography: 
Ten percent homogeneous polyacrylamide gels were 
polymerized in the presence of 0.1 % gelatin. The procedure followed 
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was that of Laemmli (1970) except that boiling and reducing agents 
were not used. A stacking gel of 5 % and Tris-glycine running buffer, 
pH 8.3, was used. Enzyme samples were diluted in 1:1 in sample 
buffer (0.625 M Tris-HCi, pH 6.8, 20 % SDS, 0.25 M sucrose and 
bromophenol blue) and electrophoresis was performed as described 
earlier. After electrophoresis, the gel was washed in 2.5 per cent 
TritonX-100 for 1 h to remove SDS incubated in buffer 50mM Tris-
HCl, pH 8.1 and 5 mM CaClj, for 24 h at 37°C. Thereafter the gel was 
stained with coomassie brilliant blue R-250 for overnight and then 
destained in 45 % methanol with 10 % acetic acid until proteolytic 
bands become clear for photography. 
Analysis for Cross-reactivity: 
To check the cross-reactivity, active and adult Gigantocotyle 
explanatum and Gastrothylax crumenifer were collected from the 
infected liver and rumen respectively from Indian water buffalo 
slaughtered at local abbatoir. The preparation of somatic antigens and 
western blotting was performed in same manner as described earlier. 
Protein Estimation: 
Protein was estimated by the dye-binding method of Bradford 
(1976) as modified by Spector (1978) using bovine serum albumin as 
standard. 
CHAPTER- IV 
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RESULTS 
In order to find out the potential diagnostic antigens of bovine 
filarial nematode, Setaria cervi, a number of studies were carried out, 
the results of which are summarized in Table 1-26 and Figures 1-21. 
The Microfilaria! Recovery: 
Following the successful peritoneal transplantation of adult 
worms, the microfilariae were obtained from peripheral blood and the 
peritoneal cavity and then counted by direct microscopic examination 
iin 10 fil samples of peripheral blood as well as of peritoneal fluid. The 
process was repeated ten times to find out the average number of 
imicrofilariae in both the fluids. The average number of microfilariae 
was 2478 + 899 mf/ml in peripheral blood while in peritoneal fluid, it 
was 2710 ± 454 mf/ml (Table 1 and 2). 
In a total of sixty rats surgical transplantation of adult S. cervi 
(both female and male) was successfiiUy performed (Table 1). 
Thereafter, the rats were sacrified at different time periods to study the 
emergence of microfilariae in the peripheral blood and peritoneal 
fluid. The data revealed that microfilariae could be recovered fi"om 
peripheral blood fi"om 6th day post infection to a maximum of 63 days 
post infection (Table 1), whereas fi-om peritoneal fluid microfilariae 
could be recovered fi'om the first day of post infection to 63 rd day 
post infection (Table 2). 
The average number of microfilariae obtained by dextran 
sedimentation method was 2478 mf /ml and fi"om iso-osmotic percoll 
gradient the number was 2056 mf /ml, hence the per cent difference 
3S 
Table 1: Recovery of Setaria cervi microfilariae in peripheral blood 
(PB) following the transplantation of adults. 
Days post infection (p.i.) 
1 2 3 4 5 6 7 8 9 10 11 12 15 16 17 19 21 24 34 52 57 59 61 63 
Number of Rats 
(+)ve 0 0 0 0 0 2 1 3 2 4 1 1 1 1 2 1 3 2 1 1 1 0 0 1 
(-)ve 10 3 1 5 2 1 1 0 3 0 1 0 0 1 0 0 0 0 0 0 0 1 1 0 
(+) ve Microfilariae present 
(-) ve Microfilariae absent 
36 
Table 2: Recovery of Setaria cervi microfilariae in peritoneal fluid (PF) 
following transplantation of adults. 
Days post infection (p.i.) 
123 45 67 8 9 10 11 12 15 16 17 19 21 24 34 52 57 59 61 63 
Number of Rats 
(+)ve 6 2 1 2 1 2 2 2 2 4 2 1 1 2 2 1 3 2 1 1 1 0 0 1 
(-)ve 4 1 0 3 1 1 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 
(+) ve Microfilariae present 
(-) ve Microfilariae absent 
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between these two methods was only 17.03 %. It is clear from these 
results that both the methods could be used effectively to obtain large 
quantities of cell free concentrates of viable microfilariae of S. cervi 
but recovery was higher in dextran sedimentation procedure. 
Besides these methods, sucrose gradient method was also applied 
for the isolation of blood microfilariae. For this, four dilutions of the 
sucrose in double distilled water were made to obtain 15, 20, 35 and 
45 % solutions of density 1.059, 1.081, 1.51 and 1.203 respectively. 
But the result was not satisfactory hence not included in the present 
study. 
Somatic Antigens: 
The somatic antigens of the female, male and microfilariae of 
S. cervi were analysed using anti-female and anti-male hyperimmune 
sera. A differential antibody titre and a diverse antigenic profile was 
obtained. 
Enzyme-iinked Immunosorbent assay (ELISA): 
The result of ELISA from anti-female hyperimmune sera 
revealed that among the female, male, micrfilariae (mf) from 
peripheral blood (PB) and mf from peritoneal fluid (PF), male and 
female crude somatic antigens appeared to be highly antigenic. As 
evident from Table 3 and Fig. 3, the antibody titre was considerably 
higher against the female antigens as compared to male. The somatic 
antigens of both microfilariae were found to be moderately antigenic, 
as their detection was possible only up to a dilution of 1: 6400 of the 
test sera, beyond which the ELISA absorbance value dropped below 
the cut-off" point (0.184 O.D.) (Table 4 and Fig. 4). When anti-male 
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Fig. 3 : ELISA profile of somatic antigens of female and male of 
Setaria cervi using anti-female hyperimmune sera. 
Values at X-axis represent: 1= 1:100, 2 = 1:200, 3 = 
1:400, 4 = 1:800,5 = 1:1600, 6 = 1:3200, 7 = 1:6400, 
8 - 1:12800, 9 = 1:25600, 10 = 1:51200, 11 = 1:102400 
and 12 =1:204800. 
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hyperimmune sera was used antibody titre was comparatively low as 
female and male somatic antigens were detected upto 1: 6400 dilution 
and microfilariae up to 1: 800 dilution of primary sera (Table 5 and 
Fig. 5). The differences were also observed in the antibody titre of the 
microfilariae obtained from peripheral blood and the peritoneal fluid. 
Antibody titre was slightly higher consistently though statistically not 
very significant, for the microfilariae obtained from peripheral blood 
as compared to the ones from peritoneal fluid (Table 6 and Fig. 6). 
SDS-PAGE and Western blot analysis: 
The crude somatic antigens of female, male, mf (PB) and mf 
(PF) were analysed by SDS- gradient PAGE. The electrophoretically 
separated polypeptides were silver-stained. The molecular weight of 
each polypeptide was determined with the help of a standard graph. 
The different polypeptides resolved are shown in Fig. 7A, and they 
consisted of a heterogeneous population of polypeptides of varying 
molecular weight, ranging from 7.2 to >205 kDa. As can be seen from 
Table 7, SDS-PAGE resolved soluble proteins into 26-29 band from 
adults, 11 bands from mf (PF) while only 6 bands in mf (PB). It is 
evident from data presented in Table 7 and 8, that a total of 13 
polypeptides were found to be female specific while 7 polypeptides 
appeared to be male specific whereas protein bands having apparent 
molecular weight (M )^ of 120, 66, 60, 58, 52, 39, 34, 27, 24, 22, 21, 
and 19 kDa were common between female and male somatic extracts 
and also appeared to be adult specific only as these could not be seen 
in microfilariae. Comparatively microfilarial stage appeared to be less 
complex in nature as it exhibited limited number of protein bands. 
Besides this, differences were also present between the polypeptide 
profile of the microfilariae isolated from the peripheral blood and the 
43 
peritoneal fluid as some polypeptides of higher molecular weight were 
observed in peritoneal fluid microfilariae that were not present in the 
blood microfilariae. 
When the somatic antigens of female, male and microfilariae 
were subjected to western blotting using anti-female hyperimmune 
sera, a small number of polypeptides appeared to be antigenic (Fig. 
7B, Table 9). In female as well as male somatic antigens three 
polypeptides were found to be specific having Mp of 160, 60, 56 and 
40, 32 and 19 kDa respectively. In both microfilarial antigens only 
one polypeptide having molecular weight of 50 kDa was found to be 
antigenic which appeared to be common band among all the fractions. 
When antigenicity of these antigens was checked against anti-
male hyperimmune sera, the picture was different. It can be seen fi-om 
Fig. 7C and Table 10, both in female and male somatic antigens a 
total of twelve and eleven bands, respectively, were detected, whereas 
in mf (PB) two and in mf (PF) three polypeptides were antigenic. 
Among all the antigens, polypeptide of apparent molecular weight of 
29 kDa was common and it was also detected by anti-female 
hyperimmune sera in female and male somatic antigen. 
Partial Purification of Somatic antigens oiSetaria cervi: 
Purincation profile: 
A typical elution profile showing a total of six fractions, Fl- F6, 
were obtained (Fig. 8). Fractions Fl and F6 appeared as very 
prominent and sharp peaks. F2 and F5 appeared as distinct but short 
peaks while F3 and F4 were observed as broad peaks. Sample 
representing each peak were pooled separately, packed into cellulose 
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1:400, 4 = 1:800,5 = 1:1600, 6 = 1:3200, 7 = 1:6400. 
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Table 7 :Total number of silver stained polypeptides in somatic 
extract of female, male and microfilariae of Setaria cervi. 
S.No. Sample Number of the polypeptides Apparent Mol.Wt.(kDa) 
Total Specific Common Specific Common 
1. Female 29 13 16 160,110,105, 
90,86,67,56, 
49,44,38,31, 
25,16 
120,73,66, 
60,58,52, 
50,39,34, 
29,27,24, 
22,21,19, 
17.5 
2. Male 26 07 19 185,89,57, 
47,40,36,32 
>205,140, 
120,73,66, 
60,58,54, 
52,50,43, 
39,34,29, 
,24,22, 
21,19 
3. Mf(PF) 11 03 08 170,94,81 >205,>205, 
140,73,54, 
50,43,29 
4. Mf(PB) 06 01 05 79 73,66,54, 
50,17.5 
50 
Table 8 : Comparative analysis of adult and microfilaria! somatic 
extracts oiSetaria cervL 
Protein Apparent 
Band Molecular 
Numt)er Wt. (kDa) 
Adult 
antigen 
(Female) 
Adult 
antigen 
(Male) 
Mf 
(P.F.) 
Mf 
(P.B.) 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
>205 
185 
170 
160 
140 
120 
110 
105 
94 
90 
89 
86 
81 
79 
73 
67 
66 
60 
58 
57 
56 
54 
52 
50 
49 
47 
44 
43 
39 
38 
36 
34 
32 
31 
29 
27 
24 
22 
21 
19 
17.5 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ + 
+ 
+ 
+ 
5i 
Table 9 :Total number of antigenic polypeptides in somatic extract 
of female, male and microfllariae of Setaria cervi using 
anti-female hyperimmune sera. 
S.No. 
1. 
2. 
3. 
4. 
Sample 
Female 
Male 
Mf(PB) 
Mf(PF) 
Number of Polypeptides 
Total Specific Common 
11 
11 
01 
01 
03 08 
03 08 
0 01 
0 01 
Apparent'. 
Specific 
160,60,56 
40,32,19 
0 
0 
MoLWt (kDa) 
Common 
58,50,39, 
34,29,27, 
23,22 
58,50,39, 
34,29,27 
24,22 
50 
50 
52 
Table 10 :Total number of antigenic polypeptides in somatic 
extract of female, male and microfilariae oiSetaria cervi 
using anti-male hyperimmune sera. 
S.No. Sample Number of Polypeptides Apparent Mol.Wt.(kDa) 
Total Specific Common Specific Common 
1. Female 12 10 02 >205,82,62, 
54,47,42,36, 
31,22,18 
70,29 
2. Male 11 09 02 200,90,52, 
41,37,32, 
25,21,16 
70,29 
3. Mf(PB) 02 02 0 46,29 
4. Mf(PF) 03 01 02 40 46,29 
Fig. 8: Elution profile of partially purified fi-actions of somatic 
antigens of Setaria cervi. 
Fl - Fraction 1, F2 - Fraction 2, F3 - Fraction 3, F4 -
Fraction 4, F5 - Ffi-action 5 and F6 - Fraction 6. 
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tubing and dialysed against distilled water, lyophilized in a freeze 
dryer. The freeze-dried material was used for subsequent studies. 
ELISA of partially purified fractions: 
When the antigenicity of these fractions were tested with the 
anti-female hyperimmune sera, among the six fractions the Fl, F2 and 
F5 appeared to be highly antigenic, as these antigens could be 
detected up to a dilution of 1: 204800 of primary antisera. The absor-
bance value for those fractions even at 1: 204800 dilution of primary 
sera was above the cut-off point (0.123 O.D. value) indicating a 
considerably high antibody titre (Table 11, Fig. 9). The F3, F4 and F6 
fractions were moderately antigenic as evident from the dilution 
1: 25600 of the test sera (Table 12 and Fig. 10). 
Again these fractions were also tested for their antigenicity using 
the anti-male hyperimmune sera. As evident from Table 13-14 and 
Figs. 11-12. The F2 fraction was highly antigenic as this antigen could 
be detected up to a dilution of 1: 25600 of the primary sera. Further it 
was observed that Fl, F3 and F5 were moderately antigenic whereas 
F4 and F6 were least antigenic. A maximum of 1: 6400 dilution of the 
primary sera detected the Fl while F3 and F5 fractions were detected 
with 1: 3200 dilution and the detection of the F4 and F6 was possible 
only up to a dilution of 1: 1600 of the test sera, beyond which the 
absorbance value dropped below the cut-off point (Table 13 and 14). 
SDS-PAGE and Western blot analysis of fractions: 
The results of silver-stained SDS-PAGE gels revealed that each 
of the six partially purified fractions consisted of polypeptides of 
varying molecular weights which ranged from 17 kDa to >205 kDa 
(Fig. 13). As evident from Table 15, Fl, F2 and F3 fractions contained 
9, 5 and 2 specific polypeptides. Each F4 and F5 fractions contained 
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Fig. 9 : ELISA profile of partially purified fractions Fl, F2 and 
F3 of Setaria cervi using anti-female hyperimmune 
sera. Values at X-axis represent: 1= 1:100, 2 = 1:200, 
3 = 1:400, 4 =1:800,5 = 1:1600, 6 - 1:3200, 7 = 1:6400, 
8 =1:12800, 9 = 1:25600, 10 = 1:51200, 11 = 1:102400 
and 12 =1:204800. 
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Fig. 10 : ELISA profile of partially purified fractions F4, F5 and 
F6 of Setaria cervi using anti-female hyperimmune 
sera. Values at X- axis represent: 1= 1:100, 2 = 1:200, 
3 = 1:400, 4 =1:800,5 = 1:1600, 6 = 1:3200, 7 = 1:6400, 
8= 1:12800,9=1:25600, 10 = 1:51200 and 11 = 1:102400. 
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Fig. 11 : ELISA profile of partially purified fractions Fl, F2 and 
F3 of Setaria cervi using anti-male hyperimmune 
sera. Values at X- axis represent: 1= 1:100, 2 = 1:200, 
3 = 1:400, 4 = 1:800,5 = 1:1600, 6 = 1:3200, 7 = 1 : 6400, 
8 =1:12800 and 9 =1:25600. 
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Fig. 13 : Silver stained polypeptides of partially purified fi-actions 
of Setaria cervi. 
lane 1- Fl, lane 2- F2, lane 3- F3, lane 4- F4, lane 5- F5, 
lane 6- F6, S - Standard molecular weight markers (Bio 
Rad). 
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Table 15 :Total number of silver stained polypeptdies in partially 
purified fractions of Setaria cervi. 
S.No. Sample Number of Polypeptides Apparent Mol.Wt.(kDa) 
Total Specific Common Specific Common 
1. F-1 
2. F-2 
3. F-3 
4. F-4 
5. F-5 
6. F-6 
16 
10 
12 
09 
14 
13 
09 
05 
02 
01 
01 
03 
07 
05 
10 
08 
13 
10 
160,140,125 
100,78,58,50, 
42,36 
>205,180,82, 
49,44 
51,40 
21.5 
62 
65,35,21 
64,45,32, 
30,25,23, 
27 
105,64, 
55,34,31, 
105,57, 
48,34,31, 
28,26,25, 
23,22 
57,48,31, 
28,24,22, 
19,17, 
105,57, 
48,39,34, 
32,30,26, 
24,23,17 
55,45,39, 
32,30,28, 
26,24,23, 
17 
.65 
only one specific band whereas three specific bands were recognized 
mF6. 
The results of western blotting revealed that (Fig. 14), each 
fi-action consisted of a heterogenous population of polypeptides of 
varying molecular weight range, 21.5 kDa to 180 kDa and it was 
observed that the antigenic bands in fi-actions were lesser in numbers 
as compared to the number of crude somatic antigens. When 
antigenicity was tested with anti-female hyperimmune sera, 
polypeptide of 105 kDa was found to be common in F3 and F5 (Table 
16), whereas with anti-male hyperimmune sera the polypeptide of 57 
kDa was common in F3, F4 and F5 fi*actions and polypeptide of 28 
kDa was detected in both F3 and F4 (Tabel 17). The polypeptide of 
apparent molecular weight of 180 kDa was detected in F2 jB^ction 
with both anti-female and anti-male hyperimmune sera. 
Surface antigens: 
ELISA: 
When the antibody titre against the female surface antigens was 
determined by ELISA with anti-female and anti-male hyperimmune 
sera, results (Table 18 and Fig. 15) showed that antigenicity was 
higher in homologous sera as compared to heterologous, as surface 
antigens could be detected up to a dilution of 1:1600 of anti-female 
hyperimmune sera while it could be detected up to a dilution of 1:800 
of anti-male hyperimmune sera. 
SDS-PAGE and Western blot analysis: 
The surface antigen of female adult S. cervi were analysed by 
SDS-gradient PAGE. The electrophoretically separated polypeptides 
Fig. 14 : Antigenic polypeptides of partially purified fi-actions 
(FI-F6) of Setaria cervi. 
(A) Polypeptides using female hyperimmune sera. 
(B) Polypeptide using male hyperimmune sera. 
S- Standard molecular weight marker. 
6S 
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Table 16 :TotaI number of antigenic polypeptides in partially purified 
fractions of Setaria cervi using anti-female hyperimmune 
sera. 
S.No. Sample Number of Polypeptides Apparent Mol.Wt.(kDa) 
Total Specific Common Specific Common 
1. F-1 03 03 0 78,64,50 
2. F-2 01 01 0 180 
3. F-3 02 01 01 31 105 
4. F-4 02 02 02 28,21,5 
5. F-5 05 04 01 62,48,30,19 105 
6. F-6 01 01 0 55 
68 
Table 17:TotaI number of antigenic polypeptides in partially puriHed 
fractions of Setaria cervi using anti-male hyperimmune sera. 
S.No. Sample 
1. F-l 
2. F-2 
3., F-3 
4. F-4 
5. F-5 
6. F-6 
Number of Polypeptides 
Total Specific Common 
01 
01 
04 
03 
01 
01 
01 
01 
02 
01 
0 
01 
0 
0 
02 
02 
01 
0 
Apparent Mol.Wt.(kDa.) 
Specific Common 
58 
180 
105,23 
21.5 
0 
26 
0 
0 
57,28 
57,28 
57 
0 
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Fig. 15: ELISA profile of the surface antigens of female Setaria 
cervi using anti-female hyperimmune sera (anti-FHIS) 
and anti-male hyperimmune sera (anti-MHIS). Values 
at X- axis represent: 1= 1:100, 2 = 1:200, 3 = 1:400, 4 = 
1:800,5 = 1:1600 and 6 =1:3200. 
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VI 
were silver-stained and are shown in Fig. 16. Female surface antigens 
were resolved into 13 polypeptides of varying molecular weight range 
from 20 kDa to >205 kDa (Table 19). When these polypeptides were 
subjected to western blotting to check their antigenicity, anti-male 
hyperimmune sera was detected only one band, apparent molecular 
weight of 20 kDa as antigenic but we have not got any antigenic band 
with anti-female hyperimmune sera (Table 20). 
Excretory-secretory antigens: 
ELISA of E-S antigens: 
Antigenicity of both female and male excretory secretory 
products was tested by ELISA with the two different hyperimmune 
sera raised in rabbits against the somatic antigens of female and male 
Setaria cerv/.The results showed that male E-S antigen appeared to be 
highly immunogenic than the female. When the immunogenic 
potential of E-S antigens was tested with anti-female hyperimmune 
sera, the male E-S antigens could be detected up to a dilution of 1: 
51200 of the primary sera while female excretory-secretory antigens 
were detected up to a dilution of 1: 25600 of the primary sera (cut off 
point 0.056 O.D.) (Table 21 and Fig. 17). When male hyperimmune 
sera was used to check antigenicity of E-S antigens, again male E-S 
antigens were found to be highly antigenic as this could be detected 
up to a dilution of 1: 6400 of the primary sera while detection of the 
female E-S antigens was possible only up to a dilution of 1: 3200 of 
the sera beyond which the ELISA absorbance value dropped below 
the cut off point (0.085 O.D.) (Table 22, Fig. 18). 
Fig. 16 : Surface antigens ofSetaria cervi. 
(A) Silver stained polypeptides of female (lane 1) 
(B) Antigenic polypeptides of female using anti-female 
(lane 1) and anti-male (lane 2) hyperimmune sera. 
S-Standard molecular weight markers (Bio Rad). 
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Table 19 :Total number of silver stained polypeptides in surface 
components of female Setaria cervi. 
S.No. Number of Polypeptides Apparent Mol.Wt.(kDa) 
13 >205,>205,50,42,41,40, 
38,36,31,30,25,22,20 
n 
Table 20 :Total number of antigenic polypeptides in surface 
components of the female Setaria cervi using hyperimmune 
sera. 
S.No. Number of the Apparent Mol.Wt (kDa) 
Antigenic Polypeptides 
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Fig. 17: ELISA profile of excretory-secretory antigens of female 
and male Setaria cervi using anti-female hyperimmune 
sera. Values at X- axis represent: 1= 1:100, 2 = 1:200, 
3 = 1:400, 4 = 1:800,5 = 1:1600, 6 = 1:3200, 7 = 1:6400, 
8 = 1:12800, 9 - 1:25600 and 10 = 1:51200. 
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Fig. 18: ELISA profile of excretory-secretory antigens of female 
and male Setaria cervi using anti-male hyperimmune 
sera. Values at X- axis represent: 1= 1:100, 2 = 1:200, 
3 = 1:400, 4 = 1:800,5 = 1:1600, 6 = 1:3200 and 7 = 1:6400. 
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SDS-PAGE and western blot analysis: 
Analysis of excretory-secretory antigens from adult S. cervi by 
SDS-PAGE after silver-staining revealed the presence of multiple 
polypeptide bands ranging from approximately 19 kDa to >205 kDa 
(Fig. 19A). The results showed (Table 23) the presence of 17 bands in 
female excretory-secretory products and 11 bands in male E-S. The 
E-S products of female as well as male S.cervi, appeared to be less 
complex in nature as compared to the somatic extracts. The excretory-
secretory products of microfilariae were resolved into 17 polypeptides 
among which polypeptides of Mr. of 19, 22, 26 and 110 kDa were also 
observed in adult E-S. 
The results of immunoblotting suggested that the excretory-
secretory polypeptides of S.cervi which were antigenic in nature, were 
of high molecular weight, ranging from 42 kDa to >205 kDa. When 
anti-female hyperimmune sera was used, out of 17 only 5 polypeptide 
bands were found to be antigenic in female and same number of 
polypeptide were found to be antigenic in male E-S products while in 
microfilariae 15 polypeptides were detected as antigenic (Fig. 19B, 
Table 24). Anti-male hyperimmune sera detected, 7, 5 and 8 antigenic 
polypeptides in E-S of female, male and microfilariae, respectively 
(Fig. 19C and Table 25). Polypeptide of 180 kDa was detected in male 
E-S by anti-female hyperimmune sera whereas in both female and 
male E-S antigen with anti-male hyperimmune sera. 
Zymography: 
In order to see if proteases were released into the medium by 
adult male, female and microfilariae of S. cervi, their excretory-
secretory products were concentrated and analyzed on Gelatin-
Fig. 19 : Excretory- secretory antigens of female, male and 
microfilariae oiSetaria cervi. 
(A) Silver stained polypeptides. 
(B) Antigenic polypeptides using anti-female hyperimmune 
sera. 
(C) Antigenic polypeptides using anti-male hyperimmune 
sera. 
lane 1 - female, lane 2 - male, lane 3 - microfilariae, 
S - Standard molecular weight markers (Bio Rad). 
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Table 23 :TotaI number of silver stained polypeptides in excretory-
secretory components of female, male and microfilariae of 
Setaria cervi. 
S.No. Sample Number of Polypeptides Apparent Mol.Wt.(kDa) 
Total Specific Common Specific Common 
1. Female 17 13 04 
2. Male 11 07 04 
3. Mf 17 14 03 
>205,>205, 
>205,150,120, 
66,62,54,43, 
36,33,22,19 
>205,>205 
140,110,37, 
30,20 
>205,160,125, 
94,78,58,52, 
44,35,29,22, 
16,15 
>205,96 
84,26 
>205,96 
84,26 
110,26, 
19 
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Table 24:TotaI number of antigenic polypeptides in excretory-
secretory components of female, male and microfilariae of 
Setaria cervi using anti-female hyperimmune sera. 
S.No. Sample Number of the 
Antigenic Polypeptides 
Total Specific Common 
Apparent Mol.Wt (kDa) 
Specific Common 
1. Female 06 05 01 >205,>205, 150 
>205,>205,125 
2. Male 06 05 01 >205,>205,180, 150 
90,42 
3. Mf 15 15 >205,>205,205, 
130,110,98,78, 
70,59,54,32,24, 
22,16,14 
0 
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Table 25 ;Total number of antigenic polypeptides in excretory-
secretory components of female, male and microfllariae of 
Setaria cervi using anti-male hyperimmune sera. 
S.No. Sample 
1. Female 
2. Male 
3. Mf 
Number of the 
Antigenic Polypeptides 
Total Specific Common 
07 04 03 
05 02 03 
08 08 0 
Apparent Mol.Wt.(kDa) 
Specific 
>205,>205 
140,125 
>205,>205 
>205,>205,130, 
78,48,37,32,30 
Common 
>205,180, 
180,100 
>205,180, 
180,100 
0 
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Table 26 :Total number of proteases in excretory-secretory products of 
female, male and microfilariae of Setaria cervi. 
S.No. Sample Number of Proteases Apparent Mol.Wt.(kDa) 
Total Specific Common Specific Common 
1. Female 02 0 02 0 66,78 
2. Male 02 0 02 0 66,78 
3. Mf 06 05 01 110,90,67, 78 
48,39 
Fig. 21: Cross-reactivity ofSetaria cervi antigens with 
ampiiistomes. 
(A) Antigenic polypeptides of somatic isolates of 
parasites using anti-female hyperimmune sera. 
(B) Antigenic polypeptides of somatic isolates of 
parasites using anti-male hyperimmune sera. 
lane 1 Female oiSetaria cervi, lane 2 Male of 
Setaria cervi, lane 3 Gigantocotyle explanatum, lane 
4 Gastrothylax crumenifer, S- Standard molecular 
weight markers (Bio Rad). 
Note : No cross-reactivity was observed with 
amphistomes (A and B - iane 3,4) 
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substrate gel. The results revealed that proteases were released and the 
pattern of proteases was more or less similar in both male and female 
E-S but different in microfilariae (Fig. 20 and Table 26) .Two 
protease bands, Mr of 66 and 78 kDa were seen in adult parasites E-S 
while in microfilariae six protease bands having apparent molecular 
weight of 39, 48, 67, 78, 90 and 110 kDa was observed. Among all 
these protease bands in microfilariae a 48 kDa band was detected with 
anti-male hyperimmune sera and 78 and 110 kDa were detected with 
anti-female hyperimmune sera. 
Cross-reactivity: 
The results of the cross-reactivity of anti-female and anti-male 
S. cervi hyperimmune sera with the polypeptides of soluble 
amphistome homogenate did not show any positive reaction, hence 
cross-reactivity with G. explanatum and G. crumenifer was not 
detected with these commonly occurring concurrent infection in 
Indian water buffalo. 
CHAPTER- V 
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DISCUSSION 
In the present study, the somatic, surface and excretory-secretory 
isolates of Setaria cervi were analysed because it has been suggested 
that the detection of filarial antigen and antibody could be a more 
reliable indicator than demonstration of microfilariae for the presence 
of active infection (Harinath and Reddy, 1997). 
The transplanted worms successfoliy establish and the females 
continued to release the larval form (mf) over a considerable long 
duration. For the study of microfilariae, they were obtained fi^om the 
peritoneal fluid and peripheral blood. Microfilariae fi^ee of blood cells 
are required for the immunological studies and the removal of host 
components fi*om the parasites present problems. In earlier studies 
different methods have been used for the isolation of microfilariae 
fi-om blood which involved non-physiological reagents such as 
phytohaemoglutinin, saponin, enzymes and even distilled water. 
However in the present study microfilariae were isolated fi-om blood 
by dextran sedimentation and iso-osmotic percoU gradient method. 
The isolated microfilariae fi*om both the methods were found to be 
viable, in large number and also fi*ee fi-om blood cells. Subrahmanyam 
et al. (1978) achieved a quantitative separation of L. carinii 
microfilariae fi-om defibrinated blood using Ficoll-hypaque of 1.05 
density. Feldmeir et al. (1981) reported recovery of 75 and 85 % of 
microfilariae of B. malayi and D. immitis, respectively by 
centrifijgation on a percoll gradient of a narrow density range. But 
dextran sedimentation method appeared to be more suitable for 
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S. cervi than percoU gradient as 17 % microfilariae were lost when 
these were separated fi-om percoll and plasma layer. 
The somatic antigens of adult female, male, mf (PB) and mf (PF) 
were resolved into 26-29 protein bands fi'om adults. As evident fi"om 
Table 7, 13 polypeptides were found to be female specific while 7 
polyptides appeared to be male specific as they were only present in 
female and male somatic isolates. The polypeptide bands having Mp 
of 19, 21, 22, 24, 27, 34, 39, 52, 58, 60, 66 and 120 kDa (as fi-om 
Table 8), common between female and male somatic isolates, also 
appeared to be adult specific as these could not be seen in 
microfilariae. Most probably these are formed during the development 
of internal organs like gastrointestinal and reproductive system etc. 
The differences in the protein pattern of developmental stages have 
been reported in Dipetalonema viteae (Ruppel and Cioli, 1977) and 
Schistosoma mansoni (Prusse et ai, 1982). Comparatively 
microfilarial stages appeared to be less complex in nature as it 
exhibited lower number of protein bands. It is clear fi*om Tables 7 and 
8 that the differences were also evident between the polypeptide 
profile of microfilariae isolated fi-om blood and peritoneal fluid, it 
may, possibly, be due to disappearance of some protein and formation 
of some new proteins in more mature blood microfilariae. 
The western blotting results revealed lesser number of 
polypeptides which react with hyperimmune sera. Anti-female 
hyperimmune sera detected 50 kDa band as immunodominant among 
all antigens whereas 29 kDa band was detected by anti-male 
hyperimmune sera in all four antigens and in female and male 
antigens by anti-female hyperimmune sera. The results of ELISA, 
with both hyperimmune sera showed female isolates was found to be 
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highly antigenic as compared to male and microfilaria! antigens. 
Although there is some difference between polypeptide profile of both 
microfilariae but at the antigenicity level the defference appeared to 
be insignificant as shown by ELISA. 
Somatic antigens were used by various workers to detect the 
human filarial infection. Das et al. (1988) used infective larval 
somatic antigens in ELISA and reported that 50 % of microfilariae 
carrier and 65 % chronic cases posifive for filarial antibodies. Tandon 
et al. (1988) and Cheirmaraj et al. (1991a) also, used this antigen in 
dot ELISA and indirect plate ELISA, respectively, and reported it to 
be usefiil to detect filarial infection. 
Because of complex nature of somatic extracts various workers 
encouraged the partial or complete purification of the complex 
extracts. In the present study the female and male mixed soluble 
proteins of S. cervi were also partially purified and six fi-actions were 
obtained on column chromatography using Superfine Sephadex G-200 
matrix. In purification profile, fi-actions, Fl and F6 appeared as very 
prominent and sharp peaks, the F2 and F5 appeared as distinct but 
short peaks while F3 and F4 were observed as broad peaks. In SDS-
polyacrylamide gel electrophoresis the Fl, F2, F3, F4, F5 and F6 
resolved into 16, 10, 12, 9, 14 and 13 polypeptides, respectively. The 
v/estem blots of these fi-acfions showed lesser number of polypeptides 
as antigenic with both male and female hyperimmune sera. A 
polypeptide of 180 kDa was detected in F2 fi-action with both anti-
female and anti-male hyperimmune sera and also detected in 
excretory-secretory antigens of adult female and male parasites. The 
results of ELISA also showed that F2 fi-action was highly antigenic as 
it was detected up to 1:25600 dilution with anti-male hyperimmune 
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sera and with anti-female hyperimmune sera it is detected up to 
1:20,4800 dilution along with Fl and F5 fractions. This result 
suggests that partially purified fraction, F2, having apparent molecular 
weight of 180 kDa could be used as a potential candidate in 
developing an immunoassay to diagnose the infection at very early 
stage and in the presence of any single sex adult parasite in both the 
microfilaremic and amicrofilaremic host. 
For the isolation of surface antigens, parasites have been 
subjected to a wide variety of detergents by different workers. It was 
observed that profile of surface antigens is influenced by the reagents 
present during solublization. Some molecules can be released 
following simple homogenization while others require detergents, and 
a third group requires reagents such as mercaptoethanol. In addition, 
some detergents either promote greater general release of antigens 
than others (Pritchard et al., 1985) or preferential release of some 
antigens (reviewed by Harnett and Parkhouse, 1995). This situation is 
compounded by the fact that certain detergents work extremely 
effectively on certain parasites but are unsuitable for others e.g., 
cetyltrimethylammonium bromide (CTAB) is extremely effective with 
adult Heligmosomoides poly gyrus (Pritchard et al, 1985) but is toxic 
for adult Haemonchus contortus (Rhoads and Fetterer, 1990). The 
coat of Toxocara canis is also removed by the cationic detergent 
CTAB (Page et al, 1992), as originally found for Necatar americanus 
(Pritchard et al, 1988). Page et al, 1992, also isolated surface coat of 
Toxocara canis by differential ethanol extraction. Alan et al, 1988 
labelled adult surface with lODO-GEN and used various detergents 
SDS, NaDOC , NP-40, CTAB, Zwittergent, Chapso and Triton X-100 
to solubilize the surface labelled material for separation of surface 
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antigens. However, in our preliminary study 1 % saponin was used for 
the separation of surface antigens and it was found that the surface 
components were obtained in appreciable amount in terms of protein. 
Surface coats are generally extensively glycosylated and negatively 
charged, evidently due to sulfation, rather than conjugation with 
phosphate or sialic acid groups. It lies loosely associated with the 
lipid-rich cuticle surface (Blaxter et ai, 1992). Kavanau (1965) 
suggested that interactions between the hydroxyl group of cholesterol 
and the unsaturated lactone ring of the saponin form complexes. 
Therefore, it may be possible that during the surface coat isolation 
saponin interacts with the epicuticle cholesterol thus causing a 
recordering of endogeneous cholesterol resulting in structural 
weakening and relatively mild vortexing could remove the surface 
coat. It was reported in an earlier study that Triton-X-100 and other 
reagents produced deep lesions whereas in saponin the effect was 
much superficial (Khan, 1991). 
Saponin was frequently used for the isolation of surface plasma 
membranes of Schistosoma sp. (Kusel, 1972; Cordeiro and Gazinelli, 
1979; Podesta and McDiarmid, 1982; McDiarmid et al, 1983; Noel 
and Soares DeMoura, 1986) and in some cestodes (Cain et al, 1977; 
Oaks et al, 1977; Knowles and Oaks, 1979; Rahman et al, 1981a; 
Pappas 1983; McManus and Barrett, 1985). But the concentration and 
other conditions were quite variable in the above mentioned studies. 
Due to non-availability of the adult male and microfilariae in 
appreciable amount we restricted our study to female surface antigens. 
The separation of female surface antigens on to SDS-polyacrylamide 
gel resolved into 13 polypeptide bands. The apparent molecular 
weight of polypeptides were found to be in the range of 20 kDa to 
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>205 kDa. These separated polypeptides when subjected to western 
blotting to check their antigenic nature, a prominent band of 20 kDa 
was detected. The result of ELISA supported the antigenic nature of 
surface proteins with both hyperimmune sera. Anti-female 
hyperimmune sera reacted with antigens up to 1:3200 dilution and 
anti-male hyperimmune sera reacted up to 1:1600 dilution of primary 
sera. 
Theodore and Kaliraj (1990) also studied the surface antigens of 
Setaria degitata, in crude and purified form. The crude and purified 
antigens showed about 18 and 6 peptide bands respectively in SDS-
PAGE and about 11 and 6 antigenic bands respectively in enzyme 
linked immunoelectrotransfer blot (EITB) using the chronic human 
filarial sera. 
Numerous studies have focussed on antigenic properties of the 
surface of parasitic nematodes (Mackenzie et al, 1978; Murreli and 
Graham, 1982; Jungery et al, 1983) with emphasis placed on 
polypeptide or protein antigens (Philipp et al, 1980; Forsyth et al, 
1981; Maizels et al, 1983a, 1983b, 1983c). The most dramatic 
flinction of the surface coat, however, remains its ability to be rapidly 
cast off under immune attack. This may permit the parasite to insert 
functionally essential products (Such as proteases, esterases and anti-
oxidants) in the coat which can be readily discarded if encountered 
with an overwhelming cofi*ontation with the immune system. The 
surface immunogens, particularly the soluble ones, may be available 
in a form suitable for uptake by antigen-presenting cells which 
together with the subsequent stimulation of specific T-helper cells, 
result in induction of IgG, IgA and IgE antibodies and of cell-
mediated responses (Mitchell, 1987). In this way the active shedding 
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of surface molecules could lead to the generation of host-protective 
immune responses including those that participate in antibody-
dependent cellular cytotoxicity (Lightowlers and Rickard, 1988). 
A number of studies showed sex-specific as well as stage specific 
differences with respect to surface molecules of parasites. These 
include O. volvulus (Taylor et al, 1986), O. gutturosa (Bradley et ah, 
1989). A. viteae (Baschong, 1985) and H. polygyrus (Adams et ah, 
1988). The strict stage-specificity has been demonstrated with respect 
to the rodent gut nematodes {Nippostrongylus brasiliensis (Maizels et 
al, 1983a), H. polygyrus (Pritchard et al, 1984) and T. spiralis 
(Philippe/a/., 1980). 
Molecules derived fi*om the cuticle of helminths may make a 
substantial contribution to the contents of E-S products of the 
parasites maintained in vitro and are probably also shed in vivo 
(Lightowlers and Rickard, 1988). The contribution of molecules 
derived fi-om the surface of helminths to E-S products is more clearly 
defined for some species of nematode parasites (reviewed by Maizels 
et al, 1982 and Philipp and Rumjaneck, 1984). It was observed in our 
study that two polypeptides of surface antigens of female 5". cervi 
having apparent molecular weight of 22 and 36 kDa were also 
secreted under in vitro conditions. Some evidence does exist for the 
export of secreted products through the cuticle. The major filarial 
surface antigens, gp29, has been found in epidermal membrane 
involutions and throughout the cuticle matrix, suggesting a pathway 
for transportation and eventual secretion (Selkirk et al, 1990). 
The excretory-secretory antigens (E-S) or exo-antigens or in vitro 
released antigens by the filarial parasites have been used in different 
immunoassays for the detection of antibodies. It is generally believed 
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that nematode secretions are strong immunogens, and are expected to 
have adjuvant effect to evoke good humoral immune response in the 
host. The E-S products are also reported to contain surface protein 
(Philipp et ah, 1980), phosphoryl-choline bearing antigen (Maizels et 
al., 1987a), enzyme proteases (Hotez et al., 1985), acetylcholine-
esterases (Ogilvie et al., 1973), coUagenases (Petralanda et al., 1986) 
and host albumin, etc. (Maizels et al., 1984). Therefore, two 
fundamental advantages are associated with the diagnostic use of 
filarial E-S antigens, particularly those antigens which are expressed 
by developing larvae and by adult worms of both sexes. First, unlike 
somatic antigens, E-S products are continually released by living 
worms and may, thus, induce higher antibody titres, and secondly, 
antibodies to E-S antigens expressed by worms of both sexes may be 
detectable in amicrofilaraemic infections regardless of wheather this 
condition is due to prepatent, postpatent or single sex infection as 
mentioned earlier (Kumari et al., 1994). 
In our study E-S antigens of female, male and microfilariae were 
subjected to SDS-PAGE and results showed that each female and 
microfilarial E-S products were resolved into 17 polypeptides while 
male E-S products into 11 polypeptide bands. Immunoblot of these 
polypeptides revealed 6 antigenic polypeptides in both female and 
male E-S using anti-female hyperimmune sera while it reacted with 15 
polypeptides of microfilarial E-S products. Anti-male hyperimmune 
sera detected 7, 5 and 8 polypeptides in female, male and microfilarial 
E-S products respectively. In our results, a common band of 150 kDa 
was detected in both male and female E-S by anti-female 
hyperimmune sera and three bands having apparent molecular weight 
of 100, 180 and >205 kDa were detected by anti-male hyperimmune 
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sera in E-S of both male and female. These antigens could possibly be 
used in the diagnosis of active infection in microfilaremic as well as in 
amicrofilaremic individuals, because these are continually released by 
living worms. It was observed that among the female and male E-S 
antigens mostly high molecular weight polypeptides were also found 
to be antigenic. Mustafa et al. (1995) suggested that the S. cervi E-S 
antigens of high molecular weight were equivalent to the filarial 
circulating antigens. Another study also showed that the antigens 
present in the circulation of the filarial infected individuals were also 
found to be of high molecular weight (Weil and Liftis, 1987, Kaushal 
and Kaushal, 1995). When ELISA was performed, the male E-S 
antigens was found to be more antigenic than female E-S antigens 
with both hyperimmune sera and the reason for this difference can not 
be explained at this preliminary stage. 
A number of reports have been published on the diagnostic use 
of E-S antigens in filariasis and most of these studies are restricted to 
human infection. Kharat et al, (1982) observed the E-S antigens of 
W. bancrofti microfilariae to be very sensitive and specific in 
detection of filarial antibodies. W. bancrofti microfilarial E-S antigen 
analysis by SDS-PAGE followed by gel elution showed three active 
antigenic fractions ESA6, ESAU, and ESA12, in the molecular 
weight range of 42-50, 14-18 and 12-14 kDa, respectively and ESA12 
was found to be useful in detecting IgM antibody in microfilaraemia 
(Ramaprasad et al, 1988). B. malayi adult E-S antigens have been 
explored in RIA by Kaushal et al,{\984). 
Besides polypeptide proJ51e, analysis of excretory-secretory 
products of adult and microfilariae, we also studied the proteases in 
the in vitro released products which is consistent with the tissue 
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penetration and blood feeding mechanism of the parasite since it has 
been observed that the microfilariae after being released fi^om the 
female in the peritoneal cavity find their way into the peripheral 
circulation and during this process they might be secreting the 
proteolytic enzymes in order to facilitate penetration through the 
tissues. They may also render the antibodies ineffective as reported 
for other parasites. In vitro released proteases fi^om different stages of 
filarial worms have been shown to cleave IgG (Auriault et al., 1980, 
1981; Tamashiro et al., 1987; Chapman and Mitchell, 1982; Carmona 
et al., 1993; Kong et al., 1994). Endogenous cysteine proteases of 
parasites have been shown to be involved in provoking inflammatory 
reactions and eosinophil accumulation (Barrett, 1986) and in the 
modulation of host immune responses (Chapan and Mitchell, 1982; 
Carmona et al., 1993). 
In the present study the adult female, male and microfilariae 
were incubated in fi-esh Hanks' solution separately and they were 
active and alive after five hours of incubation, indicating that the 
proteases were part of the excretory-secretory products and not a 
disintegration product of dead worms. The result of gelatin substrate 
gel electrophoresis showed that female and male worms released two 
prominent protease bands having apparent molecular weight of 66 and 
78 kDa while microfilariae released 6 proteases of wide molecular 
weight range, (39-110 kDa). The apparent molecular weight of 
individual bands was of 110, 90, 78, 67, 48 and 39 kDa apparent 
molecular weight. Proteases of 110, 78 and 48 kDa of microfilarial 
E-S also showed strong antigenicity when checked by blotting. 
However, the band of 78 kDa was not detected in female and male 
E-S as antigenic thus indicating that the 78 kDa protease could be a 
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specific antigen for microfilariae. There may be a possibility that 
78 kDa protease in microfilariae may be used for the metabolism of 
dietary proteins as they lack functional digestive organs and probably 
obtain their nutrient through the cuticle in the form of a fi-ee amino 
acids and glucose (Jaffe and Doremus, 1970) or because of migratory 
behaviour of microfilariae it may be involved in tissue penetration, 
therefore, it was found to be released in large amount in microfilarial 
E-S. However, further studies are required to characterize the nature 
of this protease which could be used as a potential candidate for the 
microfilaraemia positive individuals. 
Singh and Rathaur (1996) also detected significant amount of 
proteolytic activity in extracts of adult S. cervi females, microfilariae 
and their E-S products. They used general protease substrates like 
haemoglobin, casein, azocasein, collagen and also tested the inhibitors 
EDTA, PMSF, SDS, DTT (Dithiothreitol), and suggested that this 
enzyme might be of collagenase type. The presence of collagenase 
was also reported in D. immitis, O. volvulus and B. malayi (Petralanda 
et al, 1986). Chondromucoprotein and Elastin hydrolyzing proteases 
were also reported in other parasite like S. mansoni (Dresden and 
Asch, 1972; Mckerrow et al, 1985). These findings suggested that 
these enzymes may be used as biochemical penetrates to generate a 
portal of entry through the concerned tissue of the hosts and possibly 
belong to the group of matrix metalloproteases but characterization is 
required. 
In vitro released proteases of parasites are of great importance as 
they are inhibited by their antibodies and could be targeted as vaccine 
candidate. (Thorsen, 1956; Knox and Kennedy, 1988). 
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Before reaching any conclusion on the basis of our findings, it is 
essential to examine the identified potential antigens for any cross-
reactivity, because in helminth parasites the occurrence of the cross-
reactive antigen with other helminths, or even with non-helminth 
parasites (King and Nutman, 1991; Pfitch et al, 1991), pose a serious 
problem in the development of an specific immunodiagnostics. This is 
due to conserved polypeptides during the course of phylogenetic 
evolution of the parasites. To overcome this problem, we chose two 
parasites, Gastrothylca crumenifer and Gigantocotyle explanatum for 
study cross-reactive antigen with bovine filarial parasites as the 
occurrence of their infection was found to be very fi-equent among 
Aligarh region (Abidi, 1990). But in our study we did not get any 
cross-reactive antigens among female, male S. cervi, G. crumenifer 
and G. explanatum somatic antigens using both anti-female and anti-
male hyperimmune sera and this suggests that the adult S. cervi (male 
and female) do not share any antigenic epitope with these amphistome 
parasites (Fig. 21). 
Therefore, it is concluded fi-om the results of the present findings 
that the antigens having apparent molecular weight of 20, 78, 100, 
150, 180 and >250 kDa appeared to be dominant and could be used in 
developing a immunodiagnostic method for the detection of infection 
in early stage and antigens of Mp of 29, 50, 78 and 180 kDa could be 
used in immunoprotection, however ftirther evaluation as well as 
characterization of these antigens is necessary with natural bovine 
anti-sera for their application in field infection. 
CHAPTER- VI 
lUO 
Summary 
Present study deals with the identification and characterization of 
the immunodominant antigens in somatic, surface and excretory-
secretory components of adult (female and male) and microfilariae of 
bovine filarial parasite, Setaria cervi using two hyperimmune sera 
raised in rabbits against female and male parasites separately. 
For the continuous supply of microfilariae (mf), an experimental 
infection was established in albino rats and the mf were obtained fi-om 
the peritoneal fluid and peripheral blood. The microfilariae were 
isolated fi"om blood by two methods, dextran sedimentation and iso-
osmotic percoll gradient method, between the two methods the 
dextran sedimentation was observed more suitable because in iso-
osmotic percoll 17 % microfilariae were lost. 
Following the electrophoretic separation of somatic isolates of 
female, male, mf (PB) and mf (PF), the sex specific as well as stage 
specific polypeptides were obtained. There were differences in the 
protein profile of uterine and more mature microfilariae but at the 
antigenicity level the difference was insignificant. Among all the 
antigens, female somatic antigen was found to be highly antigenic 
when tested against both the hyperimmune sera. In our study of 
somatic antigens, two bands having apparent molecular weight of 50 
and 29 KDa was detected in all the samples with anti-female 
hyperimmune sera and anti- male hyperimmune sera, respectively. 
Further the somatic antigens of adult worms were partially 
purified by using Sephadex G-200 matrix in order to reduce the 
complexity of somatic antigens. Six fi'actions were obtained fi"om the 
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column chromatography and showed lesser number of polypeptide in 
SDS polyacrylamide gel electrophoresis as compared to the crude 
somatic extracts. Among six fractions, F2 fraction was found to be 
highly antigenic with both the hyperimmune sera and it consists of 
single polypeptide, apparent molecular weight of 180 kDa. It could be 
employed as a candidate in detection of infection. 
One of the potentially important junctures at which the parasite 
and host interact is the parasite surface and play a very important role 
in immune evasion. The surface coat which is loosely associated with 
the epicuticle surface, can be readily cast off if faced with an 
overwhehning confrontation with the immune system. In the present 
study the surface antigens of female adult parasite were isolated by 
using 1% saponin. Due to non-availability of the male and 
microfilariae in appreciable amount we restricted this particular study 
only to female surface antigens. Surface antigens were resolved into 
13 polypeptide bands in SDS-PAGE and among them 20 kDa band 
was found to be antigenic in nature. 
For the study of excretory-secretory products, the female, male 
worms and microfilariae were separately incubated in Hanks'solution 
for 5h at 37 + 2 °C with constant shaking in order to collect the E-S 
products. Protein profile of E-S antigens suggested that they consisted 
of mainly high molecular weight proteins. Among these, a 
polypeptide of Mr of 150 kDa was detected in both male and female 
E-S by anti-female hyperimmune sera and three bands having M^ of 
100, 180 and >250 kDa were detected by anti-male hyperimmune sera 
in E-S of both male and female. These antigens could possibly be 
used for the diagnosis of the infection in microfilaremic as well as in 
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amicrofilaremic individuals as these are released continuously by 
living parasites. 
Besides polypeptide profile the release of proteases was also 
studied in E-S products by employing gelatin-substrate gel 
electrophoresis. In female and male, two bands while in microfilariae, 
six protease bands were detected, among them one band of 78 kDa 
was found to be present in all three E-S products and it was also 
antigenic in nature. Proteases play a variety of functions in parasite 
life cycle as in feeding, development, tissue penetration and also in 
immune evasion. In S. cervi it was observed that the microfilariae 
after being released fi-om the female in the peritoneal cavity find their 
way into peripheral circulation and during this process they might be 
secreting the proteases in order to facilitate penetration through the 
tissues. 
Since in helminth parasites the occurrence of the cross-reactive 
antigens causes a serious problem in the development of specific 
immunodiagnostics, the possibility of the sharing of epitopes was also 
checked among male and female S. cervi and Gigantocotyle 
explanatum and Gastrothylax crumenifer somatic antigens which 
mfQQt the liver and rumen of Bubalus bubalis, respectively. No cross-
reactivity was detected in western blotting. 
In the present findings, antigens having apparent molecular 
weight of 20, 78, 100, 150, 180 and >205 kDa were found to be 
immunodominant antigens and could be used in the diagnosis of 
infection at an early stage. Antigens having Mp of 29, 50 and 180 kDa 
could also employed in immunoprotection against adult male, female 
and microfilariae as these were found to be common in all the isolates. 
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